I. INTRODUCTION
The biaxial nematic phase (N B ) of liquid crystals (LC), predicted theoretically very early [1] , and realised experimentally in the past decade, in bent-core [2] [3] [4] , tetrapode [5] [6] [7] , and polymeric [8, 9] systems, is characterised by a primary director n and a secondary director m (perpendicular to n). Field-induced switching of the secondary director is envisaged to be faster than the primary director in the biaxial nematic phase, a fact which endows these nematics with a promising potential for use in fast switching electro-optic devices [10, 11] . The orthorhombic N B phases with D 2h symmetry are suggested to be desirable [12] for ready applications.
While the current experimental studies are still concerned with unambiguous confirmation of macroscopic biaxiality [12] [13] [14] , computer simulations [15] on the other hand have been playing a significant role in the investigation of biaxial systems. A molecular dynamics (MD) simulation of the bulk biaxial Gay-Berne fluid under the action of an electric field [16] has convincingly shown that the switching of the secondary director is an order of magnitude faster than the switching of the primary director.
In the biaxial nematic phase, a different pathway for fast switching between different birefringent states (compared to conventional uniaxial LC systems) is possible because the birefringence can be changed by a rotation of the short axes which are thermally ordered, while the orientation of the long axes could be kept fixed [17] .
A possible device configuration to achieve this objective is to use a film of biaxial liquid crystal confined in a planar cell with hybrid boundary conditions, wherein the geometry could constrain the orientation of the primary director (of the long axes) in the biaxial nematic phase, leaving the secondary director (of one of the short axes) free for switching with an appropriate (in-plane) field. Studies on uniaxial hybrid films have established [18, 19] that a bent-director configuration could be realised if the film thickness is greater than a critical thickness determined by the curvature elasticity of the medium and the surface interaction strength. Preliminary work on their biaxial counterpart was also carried out earlier [20] .
In this context, we investigated the equilibrium director structures in two planar films of biaxial liquid crystals, in the uniaxial and biaxial phases of the medium.
The anchoring influences of the two substrates comprising the cell are used to pin the orientation of the primary director (ordering direction of the major (long) axes of the molecules) near the two surfaces so as to result in a bent-director hybrid structure. The substrates can be chosen either not to have influence on the minor axes of the molecules (pure uniaxial coupling with the substrate, say Type -A film), or to couple with the minor axes as well (biaxial coupling with the substrate, say Type -B film). We simulated director structures in both these films based on Markov chain Monte Carlo (MC) sampling technique, constructing corresponding equilibrium ensembles. This paper reports our results, examining the role of biaxial anchoring on the orientational ordering in the medium, and looking for their suitability to utilize the secondary director for possible switching applications.
In section II we introduce the lattice model of the medium, and details of the anchoring conditions of the two films. The MC simulation are also discussed in this section. The equilibrium director structures of the film in the two nematic phases obtained from the computations are depicted and discussed in section III. We also examine the effect of varying the cell thickness, as well as of the relative anchoring strengths at the two substrates on the director structures in these films. The last section summarizes our conclusions.
II. MODEL AND SIMULATION DETAILS
We consider a planar hybrid film comprising of LC molecules with D 2h symmetry. We assign the right-handed triad {X, Y, Z} to represent the laboratory-fixed frame and {x, y, z} to represent the molecular-fixed frame. We let z direction represent the molecular long axis, while the other two (minor) axes are represented by y and x. The film is obtained by confining the biaxial molecules between two planar substrates taken to be in the X-Y plane. Fig. 1 shows the schematics of a biaxial molecule, orienting influences at the two substrates of the planar film, and the ref- by introducing two bounding layers of molecules contained in these planes with the designated, but fixed, orientations, referred to in the literature as ghost molecules [21] . The anchoring conditions in both the films are such that the long axes of the molecules are hybrid-aligned (planar orientation parallel to say, y-axis at one substrate and homeotropic at the other, parallel to z-axis). For adequately thick films, the primary director n is bent satisfying the two incompatible boundary conditions. We distinguish two scenarios: (a) in Type -A film, the ghost molecules interact with the LC molecules in the surface layer anchoring only their long axes, thus implying that the substrate hosts only cylindrical symmetric rod-like LC constituents, and (b) in Type -B film the ghost molecules themselves have D 2h symmetry and interact through a Hamiltonian model appropriate to the biaxial system., These correspond to two qualitatively distinct chemical treatments of the anchoring substrates. The biaxial LC molecules are assumed to interact through a pair-wise additive lattice Hamiltonian [22] within the London dispersion approximation, expressed in terms of generalised Wigner rotation matrices as:
where ǫ ij = ǫ sets the energy scale, and is used to define the reduced temperature, ω(α, β, γ) are the set of Euler angles which specify the rotations to be performed in order to bring the reference frame of two molecules i and j in coincidence, R For simulation purposes, the above Hamiltonian is recast in the cartesian form , as
Here, This model in a bulk system was studied extensively both through mean-field analysis and MC simulations based on Boltzmann sampling methods. The value of λ d for the present study is kept at 0.35, keeping in view the high degree of biaxiality it induces, as well as the convenience of a wider biaxial nematic range of temperature made available for our study [22] . in the uniaxial phase itself, are attributed to effects of geometric confinement.
A. Type -A Film
We note at the outset that in this film the substrate interacts with only the long axes of the molecules, while LC molecules themselves have biaxial interaction among them. This system undergoes two transitions at T 1 = 1.021, and the second at 
B. Type-B Film
Introduction of biaxial coupling between the substrates and the surface film layers, in the presence of an already constrained bent primary director, introduces incompatible boundary conditions on the minor axes as well, and seem to lead to some curious manifestations.
Referring to It appears that the layer-wise magnitudes of the two dominant orders are relatively stable, but their orientations are not.
We now discuss the evolution of the uniaxial sample order (R 2 00 ) in the two films as the system transits through the two transitions, specifically in comparison with the layerwise behaviour (Figs. 5(a), 8(a) ). Focussing on Type -A film initially, we note that the sharp increase in this order at the second N U − N B transition is unlike the variation in the bulk sample (Fig. 2) , and is not supported by its layer-wise variations. axes and depict their variation for the case of Type -A film in Fig. 9(a) . We also show the directions (θ, φ) of the corresponding three eigen vectors, as a function of MC steps after equilibration, in the N B phase, in Fig. 9(b) . From these two figures, it is evident that the onset of the biaxial phase in this confined system (at T 2 =0.5) leads to a sudden change in the direction of dominant order of the film itself. While the alignment of the long molecular axes defines the primary director till T 2 , it is the molecular y axes which are the most ordered among the three, below this temperature. In conjunction with Fig. 9(b) , we see that the ordering direction of this calamitic axis is indeed in the laboratory X-direction in the biaxial phase, while the other two eigen vectors are confined to the laboratory YZ plane, mutually perpendicular to each other. It may be noted that the onset of a biaxial phase thus leads to maximal ordering of the second major axes, wholly contained in the plane of the substrate, and the anchoring conditions imposed in this case constrain only the long axes of the LC molecules, along with the minor x-axes of the molecules.
In contrast, Type -B film which imposes anchoring restrictions on the minor axes of molecules as well at both the ends, presents a very different scenario. We refer to Fig. 10(a) showing (q x , q y , q z ) as a function of temperature in this film. At the onset of the second transition ( at T 2 ∼ 0.51), q z (∼ 0.617) is higher than the q x (∼ 0.536) and q y (∼ 0.447). However on further cooling, q x crosses the value of q z (∼ 0.632 at T ′ = 0.433), while q y remains less than q z . At lower temperatures q x saturates at ∼ 0.87, while q y and q z saturate to a value of ≤ 0.72. Eigen vector of q z makes an angle θ ∼ 45 0 with the laboratory Z-direction and φ ∼ 90 0 with laboratory X-direction, thereby indicating that the bent-director structure originating from the ordering of the molecular z-axes is contained in the YZ plane, as is also the case in the high temperature nematic phase. Curiously the eigen vector of q y is oriented at angles θ ∼ 45 0 and with a fluctuating φ varying between 0 0 to 90 0 (see Fig. 10(b) ).
The maximal ordering direction in this film is determined by the ordering tensor of the molecular x-axes and its azimuthal angle φ is eventually contained in the plane of the substrate pointing to the laboratory X-direction. It may be noted that the corresponding fluctuations of the azimuthal angle φ of the local directors of the x and y molecular axes are complementary ( Fig. 10(b) ).
It is thus obvious that the observed significant noise in the thermal averages of (Fig. 13(a) ) in the uniaxial phase.
IV. CONCLUSIONS
Equilibrium director structures in thin planar films of biaxial LC medium, imposing hybrid boundary conditions at the two substrates on the molecular long axes Type -A in which only the long axes are anchored at the substrates and Type -B in which all molecular axes are suitably anchored. Very interestingly, Type -A film leads to a stable, noise free, high order parameter value for R y-axes in a direction perpendicular to the plane hosting the bent director structure associated with the long molecular axes. This scenario is appealing for two reasons:
the Hamiltonian model is realistic as it accommodates both the perturbing interactions (the last two terms in Eqn.1), and secondly the substrates are needed to influence suitably only the long molecular axes, which is more practical. Under these convenient conditions we find that in the biaxial phase, one can generate an in-plane order of high degree involving one of the minor axes of the molecules, while the bent director from the anchored alignment of the long axes is conveniently locked within the plane perpendicular to this dominant order. Type -A film appears to be a good candidate for further studies of switching with external in-plane fields. Type -B film on the other hand is frustrated on entering into the biaxial phase, apparently due to the competing energetic demands of different contributions to the Hamiltonian arising from incompatible surface anchoring influences involving the minor axes.
The effect of the variation of the thickness is marginal. The Type -A film seems to undergo an anchoring-induced transition in its director structures when the ǫ d is tuned. These two observations could to be useful inputs in designing a practical device with switchable in-plane order.
In summary, we conclude that the Type -A film, involving realistic LC biaxial molecular system with simple hybrid anchoring conditions imposed only on the long axes is a potential candidate to generate a high degree of in-plane order in the biaxial phase, amenable for coupling to external fields.
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